Research on the optimization algorithm for machinery allocation of materials transportation based on evolutionary strategy  by cheng, Ying
Procedia Engineering 15 (2011) 4205 – 4210
1877-7058 © 2011 Published by Elsevier Ltd.
doi:10.1016/j.proeng.2011.08.789
Available online at www.sciencedirect.com
 
Available online at www.sciencedirect.com
 
Procedia
Engineering  
          Procedia Engineering  00 (2011) 000–000 
www.elsevier.com/locate/procedia
Advanced in Control Engineeringand Information Science 
 
Research on the optimization algorithm for machinery 
allocation of materials transportation based on evolutionary 
strategy 
Yingcheng Xua, Li Wanga, Guoping Xiaaa* 
aBeihang University, Xueyuan Road 37 Haidian District, Beijing 100191,China 
 
Abstract 
It introduces the optimization module for simulation optimization system of material transportation. In this module, 
evolutionary strategy algorithm is adopted as the optimization algorithm. The decision variable among the algorithm 
is local variable, which is the number of transport machinery for each earthwork flow. While the optimum targets 
among the algorithm are global values, which are the overall simulation result indexes for whole project. In this way, 
it realizes the consistency of the optimal machinery allocation for single earthwork flow with the optimal machinery 
allocation for the overall project. Finally, the example shows that the simulation optimization system can quickly 
search the optimum proposal of transport machinery allocation, support the engineer to make best decision. And the 
optimization algorithm basing evolutionary strategy is effective and feasible. 
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1. Introduction  
Material transportation system is the indispensable carrier of material allocation for hydropower 
engineering. So how to allocate and manage the transport machinery, making it both meet the 
requirements of dam-fill and ensure the smooth flow of traffic, becomes the key factor to the completion 
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of the construction project. Many scholars used computer simulation and mathematic optimization ways 
in the materials transportation and got some good research results. Kančev, D. (2011) presented an 
approach for optimization of surveillance test interval of standby equipment with highly uncertain aging 
parameters, based on genetic algorithm technique and PSA. Yang, L.-P., Wu, Z.-M.(2010) discussed an 
improved genetic algorithm (GA) to solve the problem based on encasements coding and two generations 
competition. Chiu, M.C.(2009) put forward the novel technique of simulated annealing (SA) in 
conjunction with the theoretical sound propagation model and the method of minimized variation square. 
Allaoui H and Yang T,(2004) respectively introduced integrating simulation and optimization and Tabu-
search simulation optimization for flow-shop schedule. Bie, Yang, Zhong etc. (1998, 2002, 2007) used the 
dynamical random cycle network, Petri net, and object-oriented ways to simulate the materials 
transportation. This ways have many assumptions, and can not resolve the optimal machinery allocation 
problems from the project practice. This paper combines the mathematic model and simulation 
optimization, the machinery allocation for each earthwork flow is considered as decision variable. These 
can support the project manager to get the optimal material transportation plan. 
The rest of this paper is organized as follows. Section 2 introduces the structure of optimization 
simulation system for material transportation. Section 3 discusses the machinery allocation optimization 
algorithm based on evolutionary strategy. Section 4 presents the project application. Finally, section 5 
concludes the paper. 
2. The structure of optimization simulation system for material transportation 
The simulation optimization system is composed of two modules: the simulation and optimization, and 
the simulation module are embedded into the optimization module. The whole system is to input all the 
values of variables to optimize the combination, making the optimal output response. To allocation the 
material transportation machines reasonable, it is difficult to use the mathematics function to describe the 
relationship of both input and output variables. The simulation model has two components: n input 
variables 1 2( , , , )nx x xL  and output variables 1 2m ( ( ), ( ), , ( ))nf x f x f xL
1 2( ( ), ( ),...,
. Each simulation output 
results include four output vectors such as the average utilization rate of machinery and equipment, 
completion time of earth flow, the average queuing probability of the cross, and the overall cost of 
materials transportation, which constitute output vector ( ))nf x f x f x or 1 2( , , )m...,y y y  
of simulation optimization system. It is shown in Fig.1. 
 
Fig.1. the simulation and optimization system for material mechanical configuration of water project 
3. Machinery optimization algorithm for material transportation based on evolutionary strategy 
3.1. Machinery optimization algorithm steps for material transportation based on evolutionary strategy 
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Machinery optimization algorithm steps are shown in Fig.2. 
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Fig.2. the flow of the material mechanical allocation based on evolutionary strategy 
Step 1: The system randomly gives the initial machinery allocation X  as the parent, the value of jix is 
 number of the i earth flow and j type machine. Simultaneously, the variable t and T assigns 0, t control 
the offspring’s population number, T records the number of the optimization iteration. 
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Step 2: The termination condition for the optimization iteration will be judged. If it meets, the iteration 
stops and output the optimal results X
∧
. If it does not meet the condition, the next step. If it only just 
starts to optimize (T=0), and skip the step and proceed to next step. 
Step 3: The simulation module proceed the vector X , and begin a simulation run. Some rules must be 
conformed such as simulation time, machinery match strategy and so on. 
Step 4: The simulation module can get the simulation results through data calculation. The results 
include the average utilization rate of machinery and equipment, balance target for completion time of 
earth flow, the average queuing probability of crossings. These three results constitute the simulation 
output vectors. 
Step 5: The system calculates the whole cost 4y  based on the machinery allocation structure X . It is a 
part of the overall output vector ( 1 2 3, , , 4 )y y y y ; 
Step 6: The t  variable accumulates 1. 
4208  Yingcheng Xu et al. / Procedia Engineering 15 (2011) 4205 – 42104 Yingcheng Xu, Li W  Guoping Xia / Procedia Engineering 00 (2011) 000–000 ang,
Step 7: Determine whether the number of offspring groups equal μ , if not equal then continue to 
produce offspring, until the number reached μ so far. 
Step 8: To use the evaluation strategies compares the output vector both the parent 1 2 3 4( , , , )y y y y  
and offspring 1 2 3 4( , , , )y y y y′ ′ ′ ′  and keep the good configuration structure as a new parent. The system 
will store this parent vectors X and 1 2 3 4( , , , )y y y y . The vector X  can be looked as the output optimal 
machinery allocation structure and the vector 1 2 3 4, ,( , )y y y y can be kept and compared with new 
offspring vector. 
Step 9: The t  variable is cleared, the variable T accumulate 1. 
Step 10: To return step 2, and continue to start a new round of optimization iterative process. 
3.2. Realization the simulation and optimization algorithm for the material transportation 
(1) Individuals representation 
 Individual representation uses 1 2{ , , , }nX x x x= L  to denote. Here is ix  a simplified representation 
of 1( , , , , )ji i i
mx x xL L . This is similar to the binary expression of ( ,  between each individual. )x σ
 For example, in a simulation process, there are two earth flows S1, S2, excavator type is W1, W2, 
W3, the type of dump truck is Z1, Z2, Z3. The various mechanical equipment allocations are shown in the 
Table 1, individuals representation can be got as Y .  
Table 1 the table of machinery configuration 
 W1 W2 W3 Z1 Z2 Z3 Z4 
S1 1 1 0 5 10 0 0 
S2 0 2 1 0 0 7 9 
{1 ,1 , 0 , 5 ,10 , 0 , 0
, 0 , 2 ,1 , 0 , 0 , 7 , 9}
Y =
 
(2) The mutation operator 
 Mutation used in this paper is mainly based on 1 2{ , , , }nX x x x= L , there is non-operation on 
the . The mutation operation can be proceeded in the n-axis direction based on σ 1 2{ , , , }nX x x x= L . 
    1i i
 Here, 
X X ε+ = +
X - The starting point; i
  1iX +
ε
- The new point of mutation operation; 
  - step size of mutation. 
For the specific operation： 1 2{ , , , }i nX x x x= L → ' ' '1 1 2{ , , , }i nX x x x+ = L  
As the number of material transportation machine allocation can only be an integer, so steps should be 
rounded. So, step values of the excavators are [3, 3] uniform random integer, so the step value of dump 
trucks are [-10, 10] uniform random integer. 
(3) The selection operator 
 (1 ) ESμ+ −  is chosen in the evolutionary strategy algorithm. There is no cross-operation in this paper. 
4. Case Studies 
Nuozhadu rockfill dam has the total amount of 3231.16×104m³, divides 10 stages, needs 49.5 months 
to complete it. Due to space limitations, this section only describes the simulation and optimization of 
material transportation system for the 151.96×104m³volume of the sixth stage. In sixth stage the length 
of each road information is shown in Table 2. 
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Table 2 The information of construction roads for filling dam in sixth stage 
RoadName R11 R12 R13 R14 R21 R22 R23 R31 R32 R33 
Length（km） 0.9 1.1 1.0 0.8 1.1 1.0 0.8 1.1 1.3 1.0 
maximum volume of two-way daily 
(vehicles / day) 890 890 1750 1200 760 750 1500 1000 1050 1150 
 
The optimization process is described in detail as follows. 
(1) The system has the first iteration, the parent that is initial seed as: 
{1，0，1，0，0，0，0，0，0，0，0，0，10 
0，2，0，0，0，0，0，0，0，0，0，5，0 
1，0，0，1，0，0，0，5，0，0，10，0，0 } 
Given the parent, the system based on evolutionary strategy algorithm produces 4 offspring.  
①In accordance with the above mechanical configuration, the parent and 4 offspring can obtain the 
optimization objective by simulation as shown in Table 3. 
Table 3  The optimization target after the first iteration 
Subject Parent Offspring 1 Offspring 2 Offspring 3 Offspring 4 
The average mechanical efficiency (%) 88.59111 91.75411 89.42933 88.57094 90.6797 
Average queuing probability of cross (%) 22.81333 21.78333 25.66666 22.95 23.39 
Completion time(s) 9240 1423 3850 4730 1400 
Material transportation costs (million) 2865.558 5531.857 4018.499 4571.135 6504.504 
 
② By calculating the fuzzy evaluation matrix is as follows 
11 12 1(1 )
21 22 2(1 )
1 2 (1 )l l l
r r rR
r r r
μ
μ
μ
+
+
+
=
⎢ ⎥
⎢ ⎥
⎢ ⎥⎣ ⎦
L
L L L L
L
r r r⎡ ⎤L 0.96552 1 0.97466 0.965308 0.98829
0.95485 1 0.84870 0.949165 0.93131
0.15151 0.98383 0.36363 0.295983 1
1 0.51801 0.71309 0.626881 0.44055
⎡ ⎤
⎢ ⎥
= ⎢ ⎥⎢ ⎥⎣ ⎦  
③ Fuzzy Optimization 
 The following formula can be applied to the single-stage fuzzy optimization. It can get the result of 
fuzzy comprehensive selection: 
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(0.769575,0.875462,0.743917,0.711756,0.848585)=  
The results show that the largest judged coefficient of offspring 2 is 0.875462, therefore, reserves the 
offspring 2 as the next parent iteration. 
(2) Repeat the process for a new round of iterations until the termination condition has to meet.  
(3) Finally, in the sixth stage mechanical combinatorial optimization of three earthwork flow are 
shown in Table 4.  
Table 4  the combinatorial optimization results of materials loading machinery 
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The average mechanical 
efficiency (%) 
Average queuing 
probability of cross (%) Completion time 
Material transportation 
costs (million) 
95.77464567 23.53 1 6710.9246 
As shown in the table 4, the combinatorial optimization which can be got by simulation and 
optimization of materials transportation machinery makes the mechanical efficiency of the whole project 
reaching 95.77%, indicating that mechanical equipment to continue to work in the project. Meanwhile, 
the probability of the average of the crossing is only 23.53%, indicating crossings keeping open, there is 
no jam. The completion time is only 1, and the flow of earthwork that are closest to the project tasks. It 
has no both the extension of construction and unnecessary waste. 
5. Conclusions 
The heuristic simulation optimization method based on evolution strategy is presented. The simulation 
optimization model for the material transport machinery allocation of hydropower project is discussed. 
The optimization algorithm basing evolution strategy can quickly search the optimal material machinery 
allocation plan of hydropower project. And it is easy to make decisions for the engineers and managers. It 
also can provide a scientific way to allocate the machinery of material transportation. 
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